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BRITISH  ENGINEERING  STANDARDS  ASSOCIATION. 
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PREFACE    TO     FIRST     EDITION. 

The  subject  of  the  Standardisation  of  Locomotives  was  first  raised 
at  a  meeting  of  tlie  Main  Committee  on  January  14th,  1902,  when 
Sir  John  Wolfe  Barry  recorded  interviews  he  had  had  with  Lord 
George  Hamilton  and  other  officials  of  the  India  Office  with  regard 
to  this  subject,  and  it  was  agreed  that  evidence  should  be  collected. 
On  March  4th,  1902,  the  Main  Committee  sat  to  hear  evidence  on 
the  subject,  and  this  being  in  favour  of  proceeding,  a  Sectional 
Committee  on  Locomotives  was  formed  under  the  Chairmanship  of 
Sir  Douglas  I'^ox. 

The  Sectional  Committee  on  Locomotives  held  their  first 
meeting  on  May  30th,  1902,  when  the  following  Sub-Committees 
were  formed  : — 

Name.  Chairman. 

Locomotive  Steel  Plates  .  .  Mr.  W.  Lorimer. 
Tyres,  Axles,  and  Springs  .  Mr.  W.  Lorimer. 
Copper  and  its  Alloys       .       .     Mr.  W.  Dean. 

(Succeeded  by  Mr.  J.  F.  McIntosh.) 

A  number  of  meetings  of  the  Sub-Committees  have  been  held, 
and  the  Report  in  its  present  form  was  adopted  by  the  Sectional 
Committee  on  Locomotives  at  their  meeting  held  on  March  23rd, 
1906. 

The  Sectional  Committee  on  Locomotives  desire  to  place  on 
record  their  appreciation  of  the  services  rendered  by  the  Association 
of  Railway  Locomotive  Engineers  through  their  representatives  on 
the  Committee. 

In  many  instances,  somewhat  divergent  opinions  have  had  to  be 
reconciled,  and  this  has  only  been  rendered  possible  by  accepting 
the  view  that  the  Standard  Specifications  will  be  considered  from 
time  to  time  as  occasion  requires,  and  the  Sectional  Committee  are 
desirous  of  making  this  point  clear  when  submitting  their  Report. 

To  meet  the  various  needs  of  the  Home,  Indian,  and  Colonial 
requirements,  the  Committee  have  in  many  cases  included  similar 
Specifications — one  with,  and  the  other  wiihout,  a  Chemical  Analysis 
— in  order  that  those  who  do  not  desire  to  specify  a  Chemical 
Analysis  can  still  use  a  Standard  Specification 
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The  Sectional  Committee  on  Railway  Rolling  Stock  Under- 
frames,  under  the  same  Chairman,  was  appointed  by  the  Main 
Committee  at  their  meeting  on  July  i6th,  1901.  Having,  in 
conjunction  with  the  Sectional  Committee  on  Sections  used  in  Ship- 
building and  that  on  Bridges  and  General  Building  Construction, 
completed  the  drawing  up  of  a  list  of  Standard  Sections,  the 
preparation  of  a  Standard  Specification  was  proceeded  with.  For 
convenience  of  publishing,  this  Specification  is  included  in  the 
present  volume,  and  constitutes  Specification  No.  17.* 

The  Specifications  were  considered  by  the  Sectional  Committee 
on  Underframes  at  a  meeting  held  in  conjunction  with  the  Sectional 
Committee  on  Locomotives  on  March  23rd,  1906,  and  finally 
adopted  by  the  Sectional  Committee  on  Locomotives  at  their 
meeting  held  on  July  12th,  1906. 

The  Reports  of  the  two  Sectional  Committees,  which  are  con- 
tained in  the  present  volume,  were  approved  by  the  Main  Committee 
at  the  meeting  held  on  July  26th,  1906. 

DOUGLAS    FOX, 

Chairman  of  tlie  Sectional  Committees  on  Locomotives 
and  Railway  Rolling  Stock  Underframes. 


PREFACE  TO  SECOND  EDITION. 

Since  the  issue  of  the  first  revision  in  June,  1907,  the  Committees 
on  Locomotives  and  Railway  Rolling  Stock  Underframes  have  from 
time  to  time  had  brought  before  them  points  which  have  arisen  in 
connection  with  the  use  of  the  Standard  Specifications,  and  the 
present  issue  of  Report  No.  24  embodies  the  Committee's  decisions 
in  regard  to  these.  Some  of  the  more  important  modifications  to  the 
Specifications  are  as  follows  : — 

1.  The  prohibition  of  a  re-test  in  the  case  of  failure  under  the 

falling  weight  test  for  Axles. 

2.  The  option  of  a  bend  test  in  the  Specification  for  Carriage 

and  Wagon  Axles  (without  analysis)  if  there  is  any  question 
in  the  mind  of  the  Engineer  as  to  the  Axle  having 
satisfactorily  passed  the  falling  weight  test. 

3.  The   deletion    of  the    Specification    (without    analysis)    for 

Locomotive  Tyres. 

4.  The  deletion  of  Class  B  tyres  (42-48  tons  per  square  inch) 

from  the  Specification  (with  Analysis)  for  Locomotive 
Tyres. 

*  Now  jniblislicd  in   Part  \'I.   of  Report  No.   24 — 1911. 
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5.  The  addition  of  Class  C  tyres  (50-55  tons  per  square  inch) 

to  the  Specification  (without  Analysis)  for  Carriage  and 
Wagon  I'yres. 

6.  The  deletion  of  Class  A  tyres  (35-40  tons  per  square  inch) 

from  the  Specification  (without  Analysis)  for  Carriage  and 
W^agon  Tyres. 

7.  The  insertion  in  the  Tyre  Specifications  of  a  formula  for  the 

deflection  under  the  falling  weight  test  based  upon  the 
thickness  and  internal  diameter  of  the  tyre  in  place  of  that 
previously  employed  which  was  based  upon  the  internal 
diameter  only. 

8.  The  division  of  the  Specifications  for  Laminated  Springs  and 

Spring  Steel  into  separate  Specifications,  dealing  respec- 
tively with  Spring  Steel  and  with  the  finished  Springs. 

With  a  view  of  restricting  the  tensile  stress  on  the 
plates  of  the  finished  Spring  under  the  scragging  test  to  a 
figure  somewhat  below  70  tons  per  square  inch,  a  definite 
deflection,  depending  upon  the  length  of  the  top  plate  of 
the  Spring  and  thickness  of  the  thickest  plate,  is  now 
specified,  and  a  table  of  the  required  deflections  is  inserted 
in  the  Specification. 

9.  The  addition  of  a  further  class  of  Forgings  (Class  E)  to  the 

Forging  Specification. 

10.  The   reduction    of  the    tensile   strength   of    Rivet    Bars  to 
24-28  tons  per  square  inch. 

The  Committee  have  had  representations  made  to  them  with 
regard  to  the  use  of  the  term  ^^  Elastic  Limit"  in  the  Axle  and 
Forging  Specifications,  and  this  term  has  now  been  altered  to  "  Yield 
Point"  a  definition  of  this  latter  term  being  added  as  a  note  to 
the  Specifications  in  which  this  term  is  employed. 

The  Committee  recommend  that  in  specifying  materials  to  any 
of  the  Specifications  contained  in  this  Report,  both  the  Specification 
number  and  the  number  of  the  Report  be  quoted,  in  order  to  obviate 
confusion  with  other  Reports  of  the  Committee. 

The  Report  in  its  present  form  was  approved  by  the  Sectional 
Committees  concerned  in  October,  191 1,  and  by  the  Main 
Committee  on  December  6th,  191 1. 

DOUGLAS  FOX, 

Chairman  of  the  Sectional  Committees  on  Locomotives 
and  Railway  Rolling  Stock   L'uderframts. 


Reference  to  be  quoted. 
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Note. —  The  Associalion  desires  to  call  atliiition  to  the  fad  that  this  Specification 
IS  intended,  to  include  the  technical  provisions  nuessai y  for  the  supply  of  the 
Dialerial  herein  referred  to,  hut  does  not  purport  to  include  all  the  necessary 
provisions  of  a  Contract. 

BRITISH  0 

STANDARD    SPECIFICATION 

FOR 

LOCOMOTIVE    CRANK    AXLES. 

(WITH    ANALYSIS.) 

(REVISED  DECEMBER,  1911.)  10 


Quality    of   Material. 


1.  The  Crank  Axles  shall  be  manufactured  from  the  highest 
quality  of  Steel  made  from  the  best  selected  material  by  the  Acid 
Open  Hearth  process,  and  must  not  show  on  analysis  more  than  o'035 
per  cent,  of  Sulphur  or  of  Phosphorus.  ^^ 

The  Manufacturer  shall  supply  an  analysis  when  required 
to  do  so. 

Freedom    from    Defects. 

2.  The  Crank  Axles  must  be  free  from  defects  of  any  kind  and 
accurately  fmished  to  the  prescribed  dimensions.  20 

Branding. 

3.t-  The  Crank  Axles  shall  be  distinctly  stamped,  when  hot,  on 
the  web  nearest  the  top  of  the  ingot  with  such  brands  as  the 
Engineer  (or  the  Purchaser)  may  require. 

Test    Pieces.  25 

4.  Crank  Axles  having  Flat  or  Oval  Webs  : — Test  pieces 
shall  be  machined  cold  from  between  each  pair  of  webs  of  each 
Crank  Axle  and  taken  in  the  direc- 


A— TENSILE. 
B— BEND. 


Tour 


tion  indicated  in  the  sketch.     The 

Cranks  shall  be  slotted  or  sawn.  -•,  30 

Crank  Axles  having  Round 
Webs  : — Test  pieces  shall  be  taken 
from  pieces  forged  on  each  end  of 
each  Crank  Axle,  and  having  the  same  diameter  as  the  Wheel-Seat. 

In  either  case  the  test  pieces  shall  not  be  detached  from  the    35 
Axles  until  stamped  by  the  representative  of  the  Engineer  (or  of  the 
Purchaser). 

Mechanical    Tests. 

5.     Test  pieces  machined  from   the  Axles  as  above  must  with- 
stand  the  following   tests  without  further  re-heating  or  any  other    45 
manipulation  whatever. 


Reference  to  be  quoted. 


Report  No.  224 

Specification  No.    1-1911 


(        12       ) 

Tensile  Tests. 

6.  A  Standard  Test  Piece  C  or  D  (see  Appendix,  page  37)  must 
show  a  tensile  breaking  strength  of  not  less  than  30  tons  per  square 
inch,  with  an  elongation  of  not  less  than  25  per  cent.,  or  if  the  Crank 
Axle  be  oil-treated  not  less  than  35  tons  per  square  inch,  with  an  5 
elongation  of  not  less  than  20  per  cent.  The  yield  point*  in  either 
case  must  be  not  less  than  50  per  cent,  of  the  ultimate  tensile 
strength. 

Number  of  Tensile  Tests. 

7.  Crank  Axles  having  Flat  or  Oval  Webs  : — One  tensile  test    10 
shall  be  taken  from  between  each  pair  of  Webs  of  each  Crank  Axle. 

Crank  Axles  having  Round  Webs  .-^One  tensile  test  shall  be 
taken  from  each  end  of  each  Crank  Axle. 

Cold  Bend  Test. 

8.  A  test  piece  9  inches  long,  i^  inches  square,  with  ^g-  inch    15 
radius  'at  the  edges,  machined  from  the  Crank  Axles  as  in  Clause  5, 
must  withstand  being  bent  cold  through   an   angle  of  90   degrees 
round  a  bar  2^  inches  diameter,  and  the  test  continued,  after  the 
bar  is  removed,  by  the  ends  being  brought  together  without  fracture. 

Number  of  Cold  Bend  Tests.  20 

9.  Crank  Axles  havitig  Flat  or  Oval  Webs : — One  cold  bend 
test  shall  be  taken  from  between  each  pair  of  Webs  of  each  Crank 
Axle. 

Crank  Axles  having  RoH7id  Webs  : — One  cold  bend  test  shall 
be  taken  from  each  end  of  each  Crank  Axle.  25 

Fatigue  Test. 

10.  As  an  alternative  to  the  cold  bend  test,  the  test  piece 
referred  to  in  Clause  8  may  be  placed  upon  bearings  having  a  clear 
span  of  6  inches,  resting  on  a  solid  foundation,  and  must  withstand, 
without  fracture,  20  blows  from  a  weight  of  1,120  lbs.,  having  a  30 
rounded  end  of  ij  inch  radius,  falling  6  inches.  The  test  piece 
shall  be  reversed  after  the  first  and  every  alternate  blow.  The  fall 
shall  then  be  increased  to  12  inches,  and  the  test  continued  until 
fracture  occurs. 


*  The  yield  point  shall,  for  the  purpose  ol  this  Specification,  l)e  the  load     35 
per  square  inch  at   which  a  distinctly  visible   increase   occurs    in    the   distance 
between  gauge  points  on  the  test  piece,  observed  by  using  dividers  ;  or  at  which, 
when  the  load  is  increased  at  a  moderately  fast  rate,  there  is  a  distinct  drop  of 
the  testing  machine  lever,  or,  in  hydraulic  machines,  of  the  gauge  finger. 


Reference  to  be  quoted. 


Report  No.  24 


Specification   No.  1-1911 


Re  heating  or   Oil-treating. 

11.  All  Crank  Axles  shall  be  either  re-heated  or  oil-treated. 

Inspection. 

12.  The  representative  of  the  Engineer  (or  of  the  Purchaser) 
shall  have  free  access  to  the  works  of  the  Manufacturer  at  all  reason-     5 
able  times;  he  shall  be  at  liberty  to  inspect  the  manufacture  at  any 
stage,  and  to  reject  any  material  that  does  not  conform  to  the  terms 

of  this  Specification. 

Testing  Facilities. 

13.  The  Manufacturer  shall  supply  the  material  required  for  10 
testing  free  of  charge  and  shall,  at  his  own  cost,  furnish  and  prepare 
the  necessary  test  pieces,  and  supply  labour  and  appliances  for  such 
testing  as  may  be  carried  cut  on  his  premises  in  accordance  with 
this  Specification.  Failing  facilities  at  his  own  works  for  making  the 
prescribed  tests,  the  Manufacturer  shall  bear  the  cost  of  carrying  out  15 
the  tests  elsewhere. 
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Note. — The  Association  desires  to  call  attention  to  the  fact  that  this  Specification 
is  intended  to  include  the  technical  provisions  ne,  essary  for  the  supply  of  the 
t/iaterial  herein  referred  to,  but  does  not  purport  to  include  all  the  necessary 
provisions  of  a  Contract. 

BRITISH 

STANDARD     SPECIFICATION 

FOR 

LOCOMOTIVE    CRANK    AXLES. 

(WITHOUT    ANALYSIS.) 

(REVISED    DECEMBER,    1911.) 
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Quality  of  Material. 

1.  The  Crank  Axles  shall  be  manufactured  from  the  highest 
quality  of  Steel  made  from  the  best  selected  material  by  the  Acid 
Open  Hearth  process. 

Freedoni  from  Defects.  15 

2.  The  Crank  Axles  must  be  free  from  defects  of  any  kind  and 
accurately  finished  to  the  prescribed  dimensions. 

Branding. 

3..    The  Crank  Axles  shall  be  distinctly  stamped,  when  hot,  on 
the  web  nearest  the   top"  of  the  ingot  with    such    brands   as   the    20 
Engineer  (or  the  Purchaser)  may  require. 


'III 

A — TENSILE 

B— Bend. 

Test  Pieces. 

At.     Crank  Axles  Jiaving  Flat  or  Oval  Webs  : — Test  pieces  shall 

be    machined   cold    from    between  _ 

each    pair    of  webs   of  each  Crank  b— b^enIj.""^  25 

Axle  and  taken  in  the  direction 
indicated  in  the  sketch.  The 
Cranks  shall  be  slotted  or  sawn. 

Crank  Axles  having  round   Webs : — Test  pieces  shall  be  taken 
from  pieces  forged  on  each  end  of  each  Crank  Axle  and  having  the    30 
same  diameter  as  the  Wheel-Seat. 

In  either  case  the  test  pieces  shall  not  be  detached  from  the 
Axles  until  stamped  by  the  representative  of  the  Engineer  (or  of  the 
Purchaser). 

Mechanical   Tests.  35 

5.  Test  pieces  machined  from  the  Axles  as  above  must  with- 
stand the  following  tests  without  further  re-heating  or  any  other 
manipulation  whatever. 
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Tensile    Test. 

6.  A  Standard  Test  Piece  C  or  D  (see  Appendix,  page  37) 
must  sliow  a  tensile  breaking  strength  of  not  less  than  30  tons  per 
square  inch,  with  an  elongation  of  not  less  than  25  per  cent.,  or  if 
the  Crank  Axle  be  oil-treated  not  less  than  35  tons  per  square  inch,  5 
with  an  elongation  of  not  less  than  20  per  cent.  The  yield  point*  in 
either  case  must  be  not  less  than  50  per  cent,  of  the  ultimate  tensile 
strength. 

Number  of  Tensile  Tests. 

7.  Crank  Axles  having  Flat  or  Oval  Webs  : — One  tensile  test    10 
shall  be  taken  from  between  each  pair  of  webs  of  each  Crank  Axle. 

Crank  Axles  having  Round  Webs : — One  tensile  test  shall  be 
taken  from  each  end  of  each  Crank  Axle. 

Cold    Bend  Test. 

8.  A  test  piece  9  inches  long,  i^  inches  square,  with  ^V  '"ch    15 
radius  at  the  edges,  machined  from  the  Crank  Axles  as  in  Clause  5, 
must  withstand  being  bent  cold  through  an  angle   of  90    degrees 
round  a  bar  2^  inches  diameter,  and  the  test  continued,  after  the 
bar  is  removed,  by  the  ends  being  brought  together  without  fracture. 


Number  of  Cold  Bend  Tests. 

9.  Crank  Axles  having  Flat  or  Oval  Webs  .-—One  cold  bend 
test  shall  be  taken  from  between  each  pair  of  webs  of  each  Crank 
Axle. 

Crank  Axles  having  Round  JVebs  .-—One  cold  bend  test  shall  be 
taken  from  each  end  of  each  Crank  Axle. 


Fatigue   Test. 

10.  As  an  alternative  to  the  cold  bend  test,  the  test  piece  re- 
ferred to  in  Clause  8  may  be  placed  upon  bearings  having  a  clear 
span  of  6  inches,  resting  on  a  solid  foundation,  and  must  withstand, 
without  fracture,  20  blows  from  a  weight  of  1,120  lbs.,  having  a 
rounded  end  of  i^  inch  radius,  falling  6  inches.  The  test  piece 
shall  be  reversed  after  the  first  and  every  alternate  blow.  The  fall 
shall  then  be  increased  to  12  inches,  and  the  test  continued 
until  fracture  occurs. 


20 


25 


30 


*  The  yield  point    shall   for  the  purpose  of  this  Specification  be  the  load  per     ,r 
square  inch  at  which  a  distinctly  visible   increase  occurs   in   the  distance  l)et\veen 
gauge  ]joints  on  the  test  piece,  observed  by  using  dividers  ;  or  at  which  when  the 
load  is  increased  at  a  moderately  fast  rate  there  is  a  distinct  drop  of  the  testing 
m:iclunt  lever,  or,  in  hydraulic  machines,  of  the  gauge  finger. 
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Re-heating  or  Oil-treating. 

11.  All  Oank  Axles  shall  be  either  re-heated  or  oil-treated. 

Inspection. 

12.  The  representative  of  the  Engineer  (or  of  the  Purchaser) 
shall  have  free  access  to  the  works  of  the  Manufacturer  at  all  reason-      5 
able  times ;  he  shall  be  at  liberty  to  inspect  the  manufacture  at  any 
stage,  and  to  reject  any  material  that  does  not  conform  to  the  terms 

of  this  Specification. 

Testing  Facilities. 

13.  The  Manufacturer  shall  supply  the  material  required  for  10 
testing  free  of  charge  and  shall,  at  his  own  cost,  furnish  and  prepare 
the  necessary  test  pieces,  and  supply  labour  and  appliances  for  such 
testing  as  may  be  carried  out  on  his  premises  in  accordance  with  this 
Specification.  Failing  facilities  at  his  own  works  for  making  the 
prescribed  tests,  the  Manufacturer  shall  bear  the  cost  of  carrying  out  15 
the  tests  elsewhere. 
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Xoie.  —  The  Association  desires  to  call  attention  to  the  fact  that  this  Sf-ecijication 
is  in'endc  I  to  include  the  technical  provisions  necessary  for  the  supply  oj  the 
material  herein  referred  to,  but  does  not  purport  to  inchide  all  the  necessary 
provisions  of  a  Contract. 

BRITISH  5 

STANDARD     SPECIFICATION 
FOR 

LOCOMOTIVE   STRAIGHT  AXLES. 

(WITH    ANALYSIS.) 

(REVISED    DECEMBER,   1911.)  10 

Quality  of  Material. 

1.  The  Axles  shall  be  manufactured  from  the  highest  quality 
of  Steel  made  from  the  best  selected  material  by  the  Acid  Open 
Hearth  process,  and  must  not  show  on  analysis  more  than  o"o35  per 
Cent,  of  Sulphur  or  of  Phosphorus.  ,c 

The  Manufacturer  shall  supply  an  analysis  when  recjuired 
to  do  so. 

Freedom  from  Defects. 

2.  The  Axle.'',  must  be  free  from  defects  of  any  kind  and 
accurately  finished  to  the  prescribed  dimensions.  20 

Branding. 

3.  The  Axles    shall    be   distinctly  stamped  when  hot,  as  far 
from  the  centre  as  practicable,  with  such  brands  as  the  Engineer 
(or  the  Purchaser)  may  require,  and  in  such  a  manner  that  these 
marks  shall  be  legible  when  the  Axles  are  worn  out.     When  Axles   25 
are  machined  the  brands  shall  be  re-stamped  cold  on  one  end. 

Mechanical  Tests. 

4.  Extra  Axles  for  testing  in  the  manner  described  in 
Clauses  5,  6  or  7  shall  be  provided  by  the  Manufacturer,  at  his 
own  expense,  at  the  rate  of  two  per  cent,  of  the  Axles  ordered  30 
under  the  contract,  but,  except  as  provided  below,  one  extra  Axle 
shall  be  provided  from  each  cast,  and  the  representative  of  the 
Engineer  (or  of  the  Purchaser)  shall  select  and  test  such  of  the 
Axles  as  he  may  think  proper  to  the  extent  of  such  percentage  or 
extra  number.  The  Axles  tested  shall  be  held  to  represent  correctly  35 
the  quality  of  the  casts  from  which  they  were  made.     In  the  case 

of  a  less  number  than  1 5  Axles  being  asked  for  under  the  contract, 
or  less  than  1 5  being  made  from  each  cast,  the  Manufacturer  may 
either  (i)  provide  an  extra  Axle  for  testing,  or  (2)  leave  a  piece  on 
each  Axle  of  the  same  diameter  as  the  forged  end  of  the  Axle,  to  40 
enable  the  representative  of  the  Engineer  (or  of  the  Purchaser)  to 
stamp  one  such  piece  from  which  test  pieces  may  be  cut  for  the 
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tensile  test  and  cold  bend  test  specified  in  Clauses  6  and  7.  After 
selection  of  Axles  for  testing  each  test  Axle  must  comply  with  the 
following  tests,  without  further  re-heating  or  any  other  manipulation 
whatever,  either  of  the  Axle  selected  for  testing,  or  of  any  portion 
cut  therefrom  to  furnish  the  test  pieces. 

Falling  Vfeight  Test. 

5.  The  Axle  shall  be  placed  upon  bearings  resting  on  a  block 
of  metal  of  not  less  than  5  tons  weight  supported  on  a  rigid  concrete 
or  other  solid  foundation,  and  must  withstand,  without  fracture, 
five  blows  from  a  falling  weight  of  2,240  lbs.,  as  specified  below. 

The  x\xle  shall  be  turned  after  the  first  and  third  blow,  and 
shall  be  broken  after  testing,  both  in  the  centre  and  at  the  journals. 


10 


Diameter  of  Axle  at  Centre. 

Number 
of  Blows. 

Height  of  Fall, 
in  feet. 

Distance  between 
Points  of  Support.* 

Ft       Ins. 

Under  4  inches  ... 

5 

16 

3        0 

4      ins.  and  under  4^4  ins. 

5 

18 

3        6 

414  ins.  and  under  4^^  ins. 

5 

20 

3        6 

41^  ins.  and  under  4^4  ins. 

5 

22 

3        6 

4%  ins.  and  under  5      ins. 

5 

24 

3        6 

5       ins.  and  under  5^  ins. 

5 

24 

4        0 

5^  ins.  and  under  S^^  ins. 

5 

28 

4        0 

5^^  ins.  and  under  5^4  ins. 

5 

28 

4        6 

5^  ins.  and  under  6      ins. 

5 

32 

4        6 

6      ins.  and  over 

5 

35 

5        0 

15 


20 


25 


Tensile    Test. 

6.  A  Standard  Test  Piece  C  or  D  {see  Appendix,  page  37;, 
machined  cold  from  one  end  of  each  Axle  tested  as  above,  must 
show  a  tensile  breaking  strength  of  55  to  40  tons  per  square  inch, 
with  an  elongation  of  not  less  than  25  per  cent,  with  35  tons  and 
20  per  cent,  with  40  tons;  the  sums  of  the  intermediate  tensile 
breaking  strengths  and  corresponding    elongations   being    not    less 


30 


*  In  cases  where  the  length  of  the  Axle  does  not  permit  of  these  distances 
being  adhered  to,  the  distance  between  the  points  of  support  shall  be  as  great  as 
]iossible. 


35 
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than  6o.     The  yield  point*  must  l)e  not  less  than  50  per  cent,  of  the 
ultimate  tensile  strength. 

Cold    Bend    Test. 

7.  A    test-piece    9    inches   long  and    i|    inches  square,   with 

yV   inch     radius    at    the    edges,   must  withstand    being    bent    cold      5 
through  an  angle  of  90  degrees  round  a  bar  2^  inches  diameter,  and 
the  test   continued,  after  the   bar    is    remo\ed,   by  the  ends  being 
brought  together  without  fracture. 

N.B. — This  test  will  be  taken  only  when  a  less  number  than  15 
Axles  are  ordered  and  the  falling  weight  test  (Clause  5)  has  not  been    10 
carried  out. 

Additional    Tests    before    Rejection. 

8.  In  the  event  of  the  Axle  selected  for  testing  not  satisfying 
the  requirements  of  the  tensile  or  bend  tests,  and  the  fractured  test 
piece  indicating  that  the  result  does  not  fairly  represent  the  bulk  of  15 
the  Axles,  the  representative  of  the  Engineer  (or  of  the  Purchaser) 
may  at  his  discretion,  and  at  the  expense  of  the  Manufacturer,  take 
two  more  test  pieces  from  the  same  Axle  for  repeating  the  test  under 
which  failure  occurred.  The  Axles  will  be  accepted  if  the  results  of 
the  repeat  tests  are  satisfactory.  20 

Should  the  Axle  fail  in  the  falling  weight  test,  the  cast  which 
the  Axle  represents  shall  be  rejected. 

Independent  Tests. 

9.  If   the    Engineer    (or    the    Purchaser)    desires    to    make 
independent  tensile  or  other  tests  of  the  material,  the  broken  pieces    25 
of  any  of  the  Axles  tested  shall  be  placed  at  his  disposal  for  the 
purpose,  free  of  charge. 

Re-heating  or  Oil-Treating. 

10.  All  Axles  shall  be  either  re-heated  or  oil-treated. 

Inspection.  3O 

11.  The  representative  of  the  Engineer  (or  of  the  Purchaser) 
shall  have  free  access  to  the  works  of  the  Manufacturer  at  all  reasonable 
times ;  he  shall  be  at  liberty  to  inspect  the  manufacture  at  any  stage, 
and  to  reject  any  material  that  does  not  conform  to  the  terms  of  this 
Specification.  35 

*  The  yield  point  shall  for  the  purpose  of  this  Specification  be  the  load  per 
square  inch  at  which  a  distinctly  visilile  increase  occurs  in  the  distance  between 
gauge  points  on  the  test  piece,  observed  by  using  dividers  ;  or  at  which  when  the 
load  is  increased  at  a  moderately  fast  rate  there  is  a  distinct  drop  of  the  testing 
machine  lever,  or,  in  hydraulic  machines,  of  the  gauge  finger.  40 
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Testing  Facilities. 

12.  The  Manufacturer  shall  supply  the  material  required  for 
testing  free  of  charge  and  shall,  at  his  own  cost,  furnish  and  prepare 
the  necessary  test  pieces,  and  supply  labour  and  appliances  for  such 
testing  as  may  be  carried  out  on  his  premises  in  accordance  with  this 
Specification  Failing  facilities  at  his  own  works  for  making  the 
prescribed  tests,  the  Manufacturer  shall  bear  the  cost  of  carrying  out 
the  tests  elsewhere. 
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Note. —  The  Association  desires  to  tall  attention  to  the  fact  that  this  Speci/uaiion 
is  intended  to  include  the  technical  provisions  necessary  for  the  supply  of  the 
in.iterial  herein  referred  to,  but  does  not  purport  to  include  all  the  necessary 
provisions  of  a  Contract. 

BRITISH  5 

STANDARD     SPECIFICATION 
FOR 

LOCOMOTIVE    STRAIGHT    AXLES. 

(WITHOUT    ANALYSIS). 

(REVISED    DECEMBER,    1911.)  10 


Quality    of    Material. 


1.  The  Axles  shall  be  manufactured  from  the  highest  quality  of 
Steel  made  from  the  best  selected  material  by  the  Acid  Open  Hearth 
Process. 

FFeedom    from    Defects.  15 

2.  The  Axles  must  be  free  from  defects  of  any  kind  and 
accurately  finished  to  the  prescribed  dimensions. 

Branding. 

3.  The  Axles  shall  be  distinctly  stamped  when  hot,  as  far  from 
the  centre  as  practicable,  with  such  brands  as  the  Engineer  (or  the   20 
Purchaser)  may  require,  and  in  such  a  manner  that  these  marks  shall 

be  legible  when  the  Axles  are  worn  out.     When  Axles  are  machined 
the  brands  shall  be  re-stamped  cold  on  one  end. 

Mechanical    Tests. 

4.  Extra  Axles  for  testing  in  the  manner  described  in  Clauses   25 
5,  6,  or  7  shall  be  provided  by  the  Manufacturer,  at  his  own  expense, 

at  the  rate  of  two  per  cent,  of  the  Axles  ordered  under  contract,  but, 
except  as  provided  below,  one  extra  Axle  shall  be  provided  from  each 
cast,  and  the  representative  of  the  Engineer  (or  of  the  Purchaser) 
shall  select  and  test  such  of  the  Axles  as  he  may  think  proper  to  the  30 
extent  of  such  percentage  or  extra  number.  The  Axles  tested  shall 
be  held  to  represent  correctly  the  quality  of  the  casts  from  which 
they  were  made.  In  the  case  of  a  less  number  than  15  Axles  being 
asked  for  under  the  contract,  or  less  than  15  being  made  from  each 
cast,  the  Manufacturer  may  either  (i)  provide  an  extra  Axle  for  35 
testing  or  (2)  leave  a  piece  on  each  Axle  of  the  same  diameter  as  the 
forged  end  of  the  Axle,  to  enable  the  representative  of  the  Engineer 
(or  of  the  Purchaser)  to  stamp  one  such  piece  from  which  test  pieces 
may  be  cut  for  the  tensile  test  and  cold  bend  test  specified  in  Clauses 
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6  and  7.  After  selection  of  Axles  for  testing  each  test  Axle  must 
comply  with  the  following  tests,  without  further  re-heating  or  any 
other  manipulation  whatever,  either  of  the  Axle  selected  for  testing, 
or  of  any  portion  cut  therefrom  to  furnish  the  test  pieces. 


Falling    Weight    Test.  5 

5,  The  Axle  shall  be  placed  upon  bearings  resting  on  a  block 
of  metal  of  not  less  than  5  tons  weight  supported  on  a  rigid  concrete 
or  other  solid  foundation,  and  must  withstand,  without  fracture,  five 
blows  from  a  falling  weight  of  2,240  lbs.,  as  specified  below. 

The  Axle  shall  be  turned  after  the  first  and  third  blow,  and   10 
shall  be  broken  after  testing,  both  in  the  centre  and  at  the  journals. 


Diameter  of  Axle  at  centre. 

Number 

of 
Blows. 

Height  of 
Fall,  in  feet. 

Distance  between 
Points  of  Support* 

Ft.     Ins. 

Under  4  inches 

5 

16 

3         0 

4      ins.  and  under  4^  ins. 

5 

18 

3         6 

414  ins.  and  under  4^^  ins. 

5 

20 

3         6 

4}^  ins.  and  under  4^4  ins. 

5 

22 

3         6 

454  ins.  and  under  5       ins. 

5 

24 

3         6 

5      ins.  and  under  5^  ins. 

5 

24 

4        0 

5]4  ins   and  under  5^  ins. 

5 

28 

4        0 

5>y2  ins.  and  under  5%  ins. 

5 

28 

4        6 

554  ins.  and  under  6      ins. 

5 

32 

4        6 

6      ins.  and  over 

5 

35 

5        0 

15 


20 


Tensile  Test. 

6.  A  Standard  Test  Piece  C  or  D  {see  Appendix,  page  37),  25 
machined  cold  from  one  end  of  each  Axle  tested  as  above,  must  show 
a  tensile  breaking  strength  of  35  to  40  tons  per  square  inch,  with  an 
elongation  of  not  less  than  25  per  cent,  with  35  tons  and  20  per 
cent,  with  40  tons ;  the  sums  of  the  intermediate  tensile  breaking 
strengths  and  corresponding  elongations  being   not  less  than   60.   30 


*  In  cases  where  the  length  of  the  Axle  does  not  permit  of  these  distances 
beinfj  adhered  to,  the  distance  between  the  points  of  support  shall  be  as  great  as 
possible. 
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The  yield  point*  must  be  not  less  than  50  per  cent,  of  the  ultimate 
tensile  strength. 

Cold  Bena  Test. 

7.  A  test   piece  9   inches   long  and    i^  inches  square,   with 

Y^  inch  radius  at  the  edges,  must  withstand  being  bent  cold  through      5 
an  angle  of  90  degrees  round  a  bar  2^  inches  diameter,  and  the  test 
continued,  after  the  bar  is    removed,   by   the  ends   being   brought 
together  without  fracture. 

N.B. — This  test  will  be  taken  only  when  a  less  number  than 
15  Axles  are  ordered  and  the  falling  weight  test  (Clause  5)  has  not     10 
been  carried  out. 

Additional  Tests  before  Rejection. 

8.  In  the  event  of  the  Axle  selected  for  testing  not  satisfying 
the  requirements  of  the  tensile  or  bend  tests,  and  the  fractured  test 
piece  indicating  that  the  result  does  not  fairly  represent  the  bulk  of  15 
the  Axles,  the  representative  of  the  Engineer  (or  of  the  Purchaser) 
may  at  his  discretion,  and  at  the  expense  of  the  Manufacturer  take 
two  more  test  pieces  from  the  same  Axle  for  repeating  the  test 
under  which  failure  occurred.  The  Axles  will  be  accepted  if  the 
results  of  the  repeat  tests  are  satisfactory.  20 

Should  the  Axle  fail  in  the  falling  weight  test,  the  cast  which 
the  Axle  represents  shall  be  rejected. 

Independent  Tests. 

9.  If   the    Engineer    (or    the    Purchaser)    desires    to    make 
independent  tensile  or  other  tests  of  the  material,  the  broken  pieces    25 
of  any  of  the  Axles  tested  shall  be  placed  at  his  disposal  for  the 
purpose,  free  of  charge. 

Re-heating  or  Oil-Treating. 

10.  All  Axles  shall  be  either  re-heated  or  oil-treated. 

Inspection.  30 

11.  The  representative  of  the  Engineer  (or  of  the  Purchaser) 
shall  have  free  access  to  the  works  of  the  Manufacturer  at  all  reasonable 
times  ;  he  shall  be  at  liberty  to  inspect  the  manufacture  at  any  stage, 
and  to  reject  any  material  that  does  not  conform  to  the  terms  of  this 
Specification.  35 

*  The  yield  point  shall,  for  the  purpose  of  this  specification,  be  the  load  per 
square  inch  at  which  a  distinctly  visible  increase  occurs  in  the  distance  between 
gauge  points  on  the  test  piece,  observed  by  using  dividers  ;  or  at  which,  when  the 
load  is  increased  at  a  moderately  fast  rate,  there  is  a  distinct  drop  of  the  testing 
machine  lever,  or,  in  hydraulic  machines,  of  the  gauge  finger.  40 
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Testing    Facilities. 

12.  The  Manutacturer  shall  supply  the  material  required  for 
testing  free  of  charge  and  shall,  at  his  own  cost,  furnish  and  prepare 
the  necessary  test  pieces,  and  supply  labour  and  appliances  for  such 
testing  as  may  be  carried  out  on  his  premises  in  accordance  with  this 
Specification.  Failing  facilities  at  his  own  works  for  making  the 
prescribed  tests,  the  Manufacturer  shall  bear  the  cost  of  carrying  out 
the  tests  elsewhere. 
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No  te.  —  The  Associatiiii  desires  to  call  at  lent  ion  to  the  fact  that  this  Specification 
is  intended  to  include  the  technical  provisions  necessary  for  the  supply  of  the 
material  herein  referred  to,  but  does  not  purport  to  include  all  the  necessary 
provisions  of  a  Contract. 

BRITISH  5 

STANDARD     SPECIFICATION 

FOR 

CARRIAGE    AND    WAGON    AXLES. 

(WITH   ANALYSIS.) 

(REVISED  DECEMBER,  1911.)  10 


Quality  of  Material. 

1.  The  Axles  shall  be  manufaclured  from  the  highest  quahty 
of  Steel  made  from  the  best  selected  material  by  the  Acid  Open 
Hearth  process,  and  must  not  show  on  analysis  more  than  0*035  per 
cent,  of  Sulphur  or  of  Phosphorus.  15 

The  Manufacturer  shall  supply  an  analysis  when  re(]uired  to 
do  so. 


Freedom    from    Defects. 


2.     The  Axles    must    be  free   from  defects  of   any   kind    and 
accurately  finished  to  the  prescribed  dimensions. 


Branding. 


20 


3(J 


3,     The  Axles  shall  be  distinctly  stamped  when  hot,  as  far  from 
the  centre  as  practicable,  widi  such  brands  as  the  Engineer  (or  the 
Purchaser)  may  require,  and  in  such  a  manner  that  these  marks  shall 
be  legible  when  the  iixles  are  worn  out.     When  Axles  are  machined     25 
the  brands  shall  be  re-stamped  cold  on  one  end. 


Mechanical    Tests. 

4.  Extra  Axles  for  testing  in  the  manner  described  in  Clauses 
5,  6,  or  7  shall  be  provided  by  the  Manufacturer,  at  his  own  expense, 
at  the  rate  of  two  per  cent,  of  the  Axles  ordered  under  the  contract, 
!)ut,  except  as  provided  below,  one  extra  Axle  shall  be  provided  from 
each  cast  of  50,  or  two  axles  when  a  cast  consists  of  more  than  50, 
and  the  representative  of  the  Engineer  (or  of  the  Purchaser)  shall 
select  and  test  such  of  the  Axles  as  he  may  think  proper  to  the 
extent  of  such  percenlage  or  extra  number.  The  Axles  tested  shall  35 
be  held  to  represent  correctly  the  quality  of  the  casts  from  which 
they  were  made.  In  the  case  of  a  less  number  than  15  Axles  being 
asked  for  under  the  contract,  or  less  than  15  being  made  from  each 
cast,  the  Manufacturer  may  either  (i)  provide  an  extra  Axle  for 
testing,  or  (2)  leave  a  piece  on  each  Axle  of  the  same  diameter  as 
the    forged  end   of  the  Axle,  to  enable  the  representative   of  the 


40 
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Engineer  (or  of  the  Purchaser)  to  stamp  one  such  piece  from  which 
test  pieces  may  be  cut  for  the  tensile  test  and  cold  bend  test 
specified  in  Clauses  6  and  7.  After  selection  of  Axles  for  testing 
each  test  Axle  must  comply  with  the  following  tests,  without  further 
re-heating  or  any  other  manipulation  whatever,  either  of  the  Axles 
selected  for  testing,  or  of  any  portion  cut  therefrom  to  furnish  the  test 
pieces. 

Falling  ISTeight   Test. 

5.  The  Axle  shall  be  placed  upon  bearings  resting  on  a  block 
of  metal  of  not  less  than  5  tons  weight  supported  on  a  rigid  concrete 
or  other  solid  foundation,  and  must  withstand,  without  fracture,  five 
blows  from  a  falling  weight  of  2,240  lbs.,  as  specified  below. 

The  Axle  shall  be  turned  after  the  first  and  third  blow,  and 
shall  be  broken  in  the  centre  after  testing. 


10 


Diameter  of  Axle  at  centre. 

Number 

of 
Blows. 

Height  of 
Fall,  in  Feet. 

Distance  between 
Points  of  Support.' 

Ft.      ins. 

Under  3^4  inches 

5 

15 

3         0 

354  ins.  and  under  4      ins. 

5 

16 

3         0 

4      ins.  and  under  4^  ins. 

5 

18 

3         6 

434  ins.  and  under  4}^  ins. 

5 

20 

3         6 

41/^  ins.  and  under  4^4  ins. 

5 

20 

3        6 

4%  ins.  and  under  5       ins. 

5 

24 

3        6 

5      ins.  and  under  5]4  ins. 

5 

24 

4        0 

5^  ins.  and  under  5i^  ins. 

5 

28 

4        0 

514  ins.  and  under  5%  ins. 

5 

28 

4        6 

5%  ins.  and  under  6      ins. 

5 

32 

4        6 

6      ins.  and  over 

5 

35 

5        0 

15 


20 


25 


Tensile  Test. 


30 


6.  A  Standard  Test  Piece  C  or  D  (see  Appendix,  page  37), 
machined  cold  from  one  end  of  each  Axle  tested  as  above,  must 
show  a  tensile  breaking  strength  of  35  to  40  tons  per  square  inch, 
with  an  elongation  of  not  less  than  25  per  cent,  with  35  tons  and 
20  per  cent,   with  40  tons;    the   sums  of  the  intermediate  tensile 


35 


*  In  cases  where  the  length  of  the  Axle  does  not  permit  of  these  distances 
being  adhered  to,  the  distance  between  the  points  cf  support  shall  be  as  great  as 
possible. 


Reference  to  be  quoted. 


Report  No,  24 

Specification  No.    3-191-1 


(       27      ) 


breaking  strengths  and  corresponding  elongations  being  not  less 
than  60.  The  yield  point*  must  he  not  less  than  50  per  cent,  of 
the  ultimate  tensile  strength. 

Cold  Bend  Test. 

7.  A  test  piece  9  inches  long  and    i|    inches  square,    with      5 
•j^  inch  radius  at  the  edges,  must  withstand  being  bent  cold  through 

an  angle  of  90  degrees  round  a  bar  2^  inches  diameter,  and  the 
test  continued,  after  the  bar  is  removed,  by  the  ends  being  brought 
together  without  fracture. 

N.B. — This  test  will  be  taken  only  when  a  less  number  than  15     10 
Axles  are  ordered  and  the  falling   weight   test  (Clause  5)  has  not 
been  carried  out. 

Additional  Tests  before  Rejection, 

8.  In  the  event  of  the  Axle  selected  for  testing  not  satisfying 
the  requirements  of  the  tensile  or  bend  tests,  and  the  fractured  test  15 
piece  indicating  that  the  result  does  not  fairly  represent  the  bulk  of 
the  Axles,  the  representative  of  the  Engineer  (or  of  the  Purchaser) 
may  at  his  discretion  and  at  the  expense  of  the  Manufacturer  take 
two  more  test  pieces  from  the  same  Axle  for  repeating  the  test 
under  which  failure  occurred.  The  Axles  will  be  accepted  if  the  20 
results  of  the  repeat  tests  are  satisfactory. 

Should  the  Axle  fail  in  the  falling  weight  test,  the  cast  which 
the  Axle  represents  shall  be  rejected. 

Independent  Tests. 

9.  If  the  Engineer  (or  the  Purchaser)  desires  to  make  inde-     25 
pendent  tensile  or  other  tests  of  the  material,  the  broken  pieces  of 
any  of  the  Axles  tested  shall  be  placed  at  his  disposal  for  the  purpose, 
free  of  charge. 

Re-heatlng  or  Oll-treatlng. 

10.  All  Axles  shall  be  either  reheated  or  oil-treated.  30 

Inspection. 

11.  The  representative  of  the  Engineer  (or  of  the  Purchaser) 
shall  have  free  access  to  the  works  of  the  Manufacturer  at  all  reason- 
able times  ;  he  shall  be  at  liberty  to  inspect  the  manufacture  at  any 
stage,  and  to  reject  any  material  that  does  not  conform  to  the  terms     35 
of  this  Specification. 


*  The  yield  point  shall  for  the  purpose  of  this  Specification  be  the  load  per 
square  uich  at  which  a  distinctly  visible  increase  occurs  in  the  distance  between 
gauge  points  on  the  test  piece,  observed  by  using  dividers  ;    or  at  which  when  the 
load  is  increased  at  a  moderately  fast  rate  there  is  a  distinct  drop  of  the  testing      40 
macliine  lever,  f>r,  in  hydraulic  machines,  of  the  gauge  finger. 
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Testing   Facilities. 

12.  The  Manufacturer  shall  supply  the  material  required  for 
testing  free  of  charL^e  and  shall,  at  his  own  cost,  furnish  and  prepare 
the  necessary  test  pieces,  and  supply  labour  and  appliances  for  such 
testing  as  may  be  carried  out  on  his  premises  in  accordance  with 
this  Specification,  trailing  facilities  at  his  own  works  for  making  the 
prescribed  tests,  the  Manufacturer  shall  bear  the  cost  of  carrying  out 
the  tests  elsewhere. 
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Note.  —  The  Association  desires  to  call  attention  (0  the  fact  that  this  Specification 
is  intended  to  include  the  technical  provisions  necessary  for  the  supply  of  the 
material  herein  referred  to,  but  does  not  purport  to  in^  luJc  all  the  necessary 
provisions  of  a  Contract. 

BRITISH 

STANDARD    SPECIFICATION 

FOR 

CARRIAGE    AND    WAGON     AXLES. 

(WITHOUT  ANALYSIS.) 

(REVISED  DECEMBER,   1911.) 


Quality  of  Material. 


1.  The  Axles  shall  be  manufactured  from  the  highest  quality 
of  Steel  made  from  the  best  selected  material  by  the  Acid  Open 
Hearth  or  the  Acid  Bessemer  process. 


Freedom    from    Defects. 


10 


15 


2.  The   Axles  must   be  free  from    defects  of  any  kind   and 
accurately  finished  to  the  prescribed  dimensions. 

Branding. 

3.  The  Axles  bhall  be  distinctly  stamped  when  hot,  as  far  from 
the    centre  as  practicable,  with  such  brands  as  the  Engineer  (or    20 
Purchaser)  may   require,  and  in   such  a  manner  that  these  marks 
shall  be  legible    when  the  Axles  are  worn  out.     When   Axles  are 
machined  the  brai  ds  shall  be  re-stamped  cold  on  one  end. 

Mechanical  Tests. 

4.  Extra  Axles  for  testing  in  the  manner  described  in  Clauses  5,     25 
6,  or  7  shall  be  provided  by  the  Manufacturer,  at  his  own  expense 

at  the  rate  of  two  per  cent,  of  the  Axles  ordered  under  the  contract, 
but,  except  as  provided  below,  one  extra  Axle  shall  be  provided  from 
each  cast  of  50,  or  two  Axles  when  a  cast  consists  of  more  than 
50,  and  the  representative  of  the  Engineer  (or  of  the  Purchaser)  30 
shall  select  and  test  such  of  the  Axles  as  he  may  think  proper  to  the 
extent  of  such  percentage  or  extra  number.  The  Axles  tested  shall 
be  held  to  represent  correctly  the  quality  of  the  casts  from  which 
they  were  made.  In  the  case  of  a  less  number  than  15  Axles  being 
asked  for  under  the  contract,  or  less  than  15  being  made  from  each  35 
cast,  the  Manufacturer  may  either  (i)  provide  an  extra  Axle  for  test- 
ing, or  (2)  leave  a  piece  on  each  Axle  of  the  same  diameter  as  the 
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forged  end  of  the  Axle,  to  enable  the  representative  of  the  Engineer 
(or  of  the  Purchaser)  to  stamp  one  such  piece  from  which  test  pieces 
may  be  cut  for  the  tensile  test  and  cold  bend  test  specified  in 
Clauses  6  and  7.  After  selection  of  Axles  for  testing  each  test  Axle 
must  comply  with  the  following  tests,  without  further  re-heating  or  any 
other  manipulation  whatever,  either  of  the  Axle  selected  for  testing 
or  of  any  portion  cut  therefrom  to  furnish  the  test  pieces. 

Falling  lYeight  Test. 

5.  The  Axle  shall  be  placed  upon  bearings  resting  on  a  block 
of  metal  of  not  less  than  5  tons  weight  supported  on  a  rigid  concrete 
or  other  solid  foundation,  and  must  withstand,  without  fracture,  five 
blows  from  a  falling  weight  of  2,240  lbs.,  as  specified  below. 

The  Axle  shall  be  turned  after  every  blow,  and  shall  be  broken 
in  the  centre  after  testing. 


10 


Diameter  of  Axle  at  centre. 

Number 
of  Blows. 

Heiglit  of  fall, 
in  feet. 

Distance  between 
Points  of  Support.* 

Ft.     Ins. 

Under  33^  inclies 

5 

15 

3        0 

Z%  ins.  and  un(Ur  4      ins. 

5 

15 

3        0 

4      ins.  and  under  4^4  ins. 

5 

18 

3        6 

414  ins.  and  under  414  ins. 

5 

18 

3        6 

4'/^  ins.  and  under  4%  '"S. 

5 

20 

3        6 

454  ins    and  under  5       ins. 

5 

20 

3        6 

5      ins.  and  under  5^4  i"^- 

5 

22 

3        6 

514  ins.  and  under  5}^  ins. 

5 

24 

3        6 

5^  ins.  and  under  5^4  'ns. 

5 

26 

3        6 

554  ins.  and  under  6       ins. 

5 

28 

4        0 

6       ins.  and  over 

5 

30 

4        0 

15 


20 


25 


Tensile  Test. 


6.  .\  Standard  Test  Pirce  C  or  D  (sei  .Appendix,  page  .:;7), 
machined  cold  from  one  end  of  each  Axle  tested  as  above,  must  show 
a  tensile  breaking  strength  of  35  to  40  tons  per  square  inch,  with  an 
elongation  of  not  less  than  25  percent,  with  35  tons  and  20  per  cent. 


30 


*■  In  cases  where  the  length  of  llie  Axle  does  not  permit  of  these  distances 
being  adhered  to,  the  distance  between  the  points  of  support  shall  be  as  great  as     35 
possible. 
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with  40  tons  ;  the  sums  of  the  intermediate  tensile  breaking  strengths 
and  corresponding  elongations  being  not  less  than  60.  The  yield 
point*  must  be  not  less  than  50  per  cent,  of  the  ultimate  tensile 
strength. 

Cold  Bend  Test.  5 

7.  A  test  piece  9  inches  long  and  i^  inches  square,  with  ^g-inch 
radius  at  the  edges,  must  withstand  being  bent  cold  through  an  angle 
of  90  degrees  round  a  bar  2|  inches  diameter,  and  the  test  continued, 
after  the  bar  is  removed,  by  the  ends  being  brought  together  without 
fracture.  10 

N.B. — This  test  will  be  accepted  when  a  less  number  than  15 
Axles  is  ordered  and  the  falling  weight  test  (Clause  5)  has  not  been 
carried  out,  but  when  a  greater  number  than  15  Axles  is  ordered, 
and  there  is  any  question  in  the  mind  of  the  representative  of  the 
Engineer  (or  of  the  Purchaser)  as  to  the  Axle  having  satisfactorily  15 
passed  the  falling  weight  test,  he  may  at  his  option  have  a  bend  test 
taken  in  addition  to  the  falling  weight  test. 

Additional  Tests  before  Rejection. 

8.  In  the  event  of  the  Axle  selected  for  testing  not  satisfying  the 
requirements  of  the  tensile  or  bend  tests,  and  the  fractured  test  piece  20 
indicating  that  the  result  does  not  fairly  represent  the  bulk  of  the  Axles, 
the  representative  of  the  Engineer  (or  of  the  Purchaser)  may  at  his 
discretion,  and  at  the  expense  of  the  Manufacturer,  take  two  more  test 
pieces  from  the  same  Axle  for  repeating  the  test  under  which  failure 
occurred.  The  Axles  will  be  accepted  if  the  results  of  the  repeat  25 
tests  are  satisfactory. 

Should  the  Axle  fail  in  the  falling  weight  test,  the  cast  which  the 
Axle  represents  shall  be  rejected. 

Independent  Tests. 

9.  If    the    Engineer    (or   the    Purchaser)    desires    to    make    30 
independent  tensile  or  other  tests  of  the  material,  the  broken  pieces 

of  any  of  the  Axles  tested  shall  be  placed  at  his  disposal  for  the 
purpose,  free  of  charge. 

Re-heating  or  Oil-treating. 

10.  All  Axles  shall  be  either  re-heated  or  oil-treated.  35 


*  Tlie  yield  ]ioint  shall  for  the  purpose  of  this  Specification  be  the  load  per 
square  inch  at  which  a  distinctly  visible  increase  occurs  in  the  distance  between 
gauge  points  on  the  test  piece,  observed  by  using  dividers  ;  or  at  which  when  the 
load  is  increased  at  a  moderately  fast  rate  there  is  a  distinct  drop  of  the  testing 
machine  lever,  or,  in  hydraulic  machines,  of  the  gauge  finger,  40 


Referenoa  to  be  quoted. 
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Inspection. 

11.  The  representative  of  the  Engineer  (or  of  the  Purchaser) 
shall  have  free  access  to  the  works  of  the  Manufacturer  at  all 
reasonable  times ;  he  shall  be  at  liberty  to  inspect  the  manufacture 

at  any  stage,  and  to  reject  any  material  that  does  not  conform  to  the       5 
terms  of  this  Specification. 

Testing  Facilities. 

12.  The  Manufacturer  shall  supply  the  material  required  for 
testing  free  of  charge  and  shall,  at  his  own  cost,  furnish  and  prepare 
the  necessary  test  pieces,  and  supply  labour  and  appliances  for  such  10 
testing  as  may  be  carried  out  on  his  premises  in  accordance  with  this 
Specification.  Failing  facilities  at  his  own  works  for  making  the 
prescribed  tests,  the  Manufacturer  shall  bear  the  cost  of  carrying  out 
the  tests  elsewhere. 
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Conversi 

on  Table. 

Tons. 

Pounds. 

Tons. 

Pounds. 

17 

38,080 

44 

98,560 

18 

40,320 

45 

100,800 

19 

42,560 

46 

103,040 

20 

44,800 

47 

105,280 

21 

47,040 

48 

107,520 

22 

49,280 

49 

109,760 

23 

51,520 

50 

112,000 

24 

53,760 

51 

114,240 

25 

56,000 

52 

116,480 

26 

58,240 

53 

118,720 

27 

60,480 

54 

120,960 

28 

62,720 

55 

123,200 

29 

64,960 

56 

125,440 

30 

67,200 

57 

127,680 

31 

69,440 

58 

129,920 

32 

71,680 

59 

132,160 

33 

73,920 

60 

134,400 

34 

76,160 

61 

136,640 

35 

78,400 

62 

138,880 

36 

80,640 

63 

141,120 

37 

82,880 

64 

143,360 

38 

85,120 

65 

145,600 

39 

87.360 

66 

147,840 

40 

89,600 

67 

150,080 

41 

91,840 

68 

152,320 

42 

94,080 

69 

154,560 

43 

96,320 

70 

156,800 

NOTE.-1    Ton  =  2,240   lbs. 
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APPENDIX 


FORMS 

OF 

BRITISH    STANDARD    TENSILE    TEST    PIECES. 

TEST  PIECE   A, 


Gauge   Lengtli  G  =  8  inches. 

Parallel  Length  P  to  be  not  less  than  9  inches. 

Total  Length  T  =  About  18  inches. 


Thickness  of  Test  Piece. 

Maximum  Width  allowed. 

Over  {r  in.  (0-875  i'"*-)' 

8  in-  (o"375  i"-)  to  |  in.  (0-875  '"•)• 

Under  f  in.  (0-375  in.). 

Wi  =   ih  ins. 
W2  =  2     ins. 
W3  =  2A  ins. 

The  widths  of  the  test  pieces  for  plates  were  selected  to 
comply  with  the  two  following  conditions,  (i)  As  the  great  bulk 
of  plates  to  be  tested  are  fiom  |  inch  to  |  inch  thick,  it  was 
desirable  for  the  sake  of  convenience  that  the  test  pieces  for  such 
plates  should  be  of  uniform  width,  and,  in  accordance  with  very 
general  practice,  a  width  of  2  inches  was  selected.  (2)  With  a 
test  piece  of  a  given  form,  the  percentage  of  elongation  was  found 
to  be  less  for  thick  plates  than  for  thin  ones  ;  with  steel  of  the 
same  cjuality  in  other  respects  it  was  desirable  therefore  to  choose 
widths  of  test  piece  which  would  be  slightly  in  favour  of  the 
thicker  plates.  ^  -This  is  secured  with  the  widths  selected  for  the 
Standard   test   piece   of  form  A. 
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TEST     PIECE       B. 


Gauge  Length  g  to  be  not  less  than  8  times  the  diameter  d. 

With  enlarged  ends  :^Parallel  Length  p  to  be  not  less 

than  9  times  the  reduced  diameter  d. 

All  test  pieces  of  form  B  are  strictly  similar,  and  for  the  same 
material  give  the  same  percentage  of  elongation.  They  are  nearly 
similar  to  a  test  piece  of  form  A,  8  inches  in  gauge  length,  2  inche.s 
wide  and  §  inch  thick. 


TEST     PIECE      C. 


Gauge  Length  G  =  2  inches. 
Parallel  Length  p  to  be  not  less  than  2 
Dia.  =  0564  inch. 
Area  =  1  sq.  inch. 


I  inches. 


TEST     PIECE 


D. 


1 

1 

fr — 
1 1 



41 

1 

1 

^-+ 

1    1 
1    1 

1^ 

G— 

■    1 

u 

P— 

— 

>i 

Gauge  Length  G  =  3  inches. 
Parallel  Length  P  to  be  not  less  than  3^  inches. 
Dia.  =  o'798  inch, 
inch. 


Area  =  J  sq. 
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TEST  PIECE    E, 


I— t- 


Gauge  Length  G  =  3^  inches. 

Parallel   Length   p  to  be  not  less  than  4  inches. 

Dia.    =    o'977  inch. 

Area    =    |  sq.  inch. 

Test  pieces  C>  D,  and  E  were  arranged  to  meet  the  very 
common  practice  of  making  test  pieces  for  forgings,  axles,  tyres, 
etc.,  of  either  ^  square  inch  or  |  square  inch  in  sectional  area.  With 
the  gauge  lengths  decided  upon  these  three  forms  are  very  nearly 
similar,  and,  for  a  given  material,  give  very  approximately  the  same 
percentage  of  elongation.  Though  not  exactly,  they  are  approxi- 
mately similar  to  the  Standard  test  piece  F,  and  for  the  same 
material  give  a  nearly  identical,  but  slightly  greater,  percentage  of 
elongation 

TEST  PIECE    F. 
(For  Test  Pieces  over  t  inch  diameter.) 


Gauge  Length  G  to  be  not  less  than  4  times  the  diameter  D. 

With  enlarged  ends  : — Parallel  Length  P  to  be  not  less  than  4-^  times 

the  reduced  diameter  D. 

In  some  testing  machines  it  was  found  inconvenient  to 
use  form  B  for  bars  of  over  i  inch  in  diameter,  and  form 
F  of  half  the  gauge  length  is  designed  to  meet  such  cases.  For  a 
given  material  the  percentage  of  elongation  with  test  piece  F 
is  greater  than  with  test  piece  B;  and  this  difference  is  provided 
for  in  the  British  Standard  Specifications. 

FORM    OF  ENDS. 

Li  the  case  of  the  round  test  pieces  B,  C,  D,  E  and  F,   the 

form  of  the  ends  is  to  be  as  required  in  order  to  suit  the  various 
methods  employed  for  gripping  the  test  piece.  When  enlarged  ends 
are  used  the  length  of  the  parallel  portion  of  the  test  piece  must 
in  no  case  be  less  than  that  noted  on  the  diagrams. 
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